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@ Components and catalysts for the polymerization of olefins. 

(g) Catalysts for the polymerization of alpha-olefins which 
comprise the reaction product of: 

a) an ANalkyI compound; 

b) a silicon compound containing at least one Si-OR or 
Si-OCOR or Si-NR^ bond, R being a hydrocarbyl radical; 

c) a solid comprising as essential support, a Mg dihalide in 
active form and supported therein a Ti haiide or a 
halo-Ti-alcoholate or said halogenated Ti compound and 
a silicon compound as defined in b) in a molar ratio with 

N the supported Ti compound from 0,1 to 5 mole of silicon 
^ compound per mole of Ti compound. 
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DESCRIPTION 

The present invention refers to new supported com- 
ponents o£ catalysts for the polymerization of CH^^HR olefins 
.wherein R is an alkyl radical with 1 to 4 carbon . atoms , or an 
aryl radical, and mixtures of said olefins with ethylene and 
the catalysts obtained from said components. 

The supported highly active and highly stereospeci- 
fic catalysts up to now known for the polymerization of 
propylene and higher olefins are obtained by the react 
ion of an Al-alkyl compound partially con^lexed with an 
electron donor compound (outside donor) with a solid com 
ponent comprising a Ti compound and an electron-donor 
compound (inside donor) supported on a Mg-halide in ac- 
tive form. 

Examples of such catalysts have been described in 
British Patent No. 1,559,194 and Belgian Patent No. 
868,682. 

The above supported catalysts need the use of an in- 
side donor in order to obtain polymers having a high iso- 
tactic index. If the inside donor is omitted polymers hav 
ing low isotactic index are obtained. 
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It has nov7 unexpectedly been fovind that it is possi- 
ble to obtain with high yield polymers of alpha olefins 
having a high isotactic index by using Ti-containing Mg 
dihalides-supported catalysts free from inside electron 
donor compounds if an outside donor is used which is a si 
licon compound containing SiHJR, Si-OCOR or Si-NRj bonds. 

It has also unexpectedly been found that the activi- 
ty and stereospecificity of the catalysts can be further 
increased if the silicon compound used as outside donor 
is present as inside donor also in the Ti-containing Mg 
dihalide-supported component in amounts corresponding to 
molar ratios between the silicon compound and the suppor- 
ted halogenated Ti-corapound comprised between 0-1 and 5. 

The above results are surcrisino if nn**. rsonsiders 
that catalysts are known which are prepared by using both 
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as inside and outside donor a silicon compound containing 
Si-O-C bonds and which do not offer a performance in terms 
of activity and stereospecificity better than the one ob- 
tainable with catalysts in which an ester of benzoic acid 
is used as inside and outside donor. 

The rather poor performance of the cddove prior art ca- 
talysts is due to the fact that the Si-containing inside 
donor is substantially removed from the Ti- containing sup- 
ported component as result of the method of preparation of 
said component. 

The catalysts of this invention comprise the product 
of the reaction between the following components: 

a) an Al-trialkyl or Al-alkyl compound containing 2 or 
more aliaainum atoms linked to each other through oxy- 
gen or nitrogen atoms or through SO^ or SO^ groups; 

b) a silicon compoxind containing one or more Si-OR, 
Si-OCOR or Si-NRj bonds (R being a hydrocarbyl radi- 
cal) ; 

c) a solid comprising as essential support an anhydrous 
Mg dihalide in the active form as herebelow defined 
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and supported on said dihalide a Ti-halide or Ti-ha- 
loalcoholate or the solid c) containing supported 
therein also a silicon compound as defined in b) in an 
amount corresponding to a molar ratio between the sup- 
ported silicon compound and the supported halogenated 
Ti-compound comprised between 0.1 and 5. 
The active anhydrous Mg dihalides forming the essential 
support of conponent c) are the Mg dihalides shoving in 
the X-ray powder spectrum of component c) a broadening of 
at least 30% of the most intense diffraction line which 
appears in the powder spectrum of the corresponding di- 
halide having 1 mVg of surface area or are the Mg diha- 
lides showing a X-ray powder spectrum in which said most 
intense diffraction line is replaced by a halo with the 
intensity peak shifted with respect to the interplanar 
distance of the most intense line and/or are the Mg di- 
halides having a surface area greater than 3 mVg. 

The measurement of the surface area of the Mg dihali 
des is made on component c) after treatment with boiling 

TiCl for 2 hours. The found value is considered as sur- 
4 

face area of the Mg dihalide. 

very active forms of Mg dihalides kre those " showing a X- 
ray powder spectrum in which the most intense diffraction 



0045975 



- 6 - 

line appearing in the spectrum of the corresponding hali- 
2 

de having 1 m /g of surface area is decreased in relati- 
ve intensity and broadened to form a halo or are those in 
which said most intense line is replaced by a halo having 
its intensity peak shifted with respect to the interola- 

nar distance of the most intense line. Generally the sur 

2 

face area of the above forms is higher than 30-40 m /g 

2 

and is comprised in particular between 100-300 m /g. 

Active forms are also those deriving from the above 
forms by heat-treatment in inert hydrocarbon solvents and 
showing in the X-ray spectrum sharp diffraction lines in 
place of the halos. 

The sharp, most intense line of these forms shows a 

broadening of at least 30% with respect to the correspon 

2 

ding line of the Mg dihalide having 1 m /g of surface 
area. Preferred Mg dihalides are Mg di chloride and Mg 
dibromide. The content in water of the dihalides is gene 
rally less than 1% by weight. 

For Ti halides or Ti haloalcoholates and esters 
supported on the active Hg dihalide is meant the above com- 
pounds which may be chemically or physically fixed on the 
support, not extractable from component c) by treatment of 
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Che same with boiling 1 ,-2-dichloroethaiie for 2 hours. 

components a) , b) and c) are made to react each o- 
ther in any order; preferably, however, con»onents a) 
and b) are premixed before being contacted with ccnpo- 
nent c) • 

The pre-mixing of a) and b) is conducted at tempera 
tures comprised, usually, between room ternperature and 
the temperature used in the polymerization process. 

The pre-reaction of c) and b) may be carried out 
also at higher temperatures. Compound b) may be also in- 
corporated and made to react with component c) itself, 
component b) is made to react in a molar ratio with res- 
pect to the halooenated Ti compound supported on compon- 
ent c) of at least 1 and in a molar ratio with respect the 
Al-alkyl compound used as component a) of less than 20 
and preferably comprised between 0.05 to 0.3. . 

in component c) the molar ratio between the Mg diha- 
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llde and the halogenated Tl conpoiind supported therein is 
comprised between 1 and 500 and the molar ratio between. ' 
sed.d halogenated Ti coiapoxmd and the electron-donor sup- 
ported on the Mg dihalide is comprised between 0.1 and 50. 
The silicon compounds set forth in b) include coi!5)ounds 
of general formula: 

R SiY X 
m n p 

wherein: 

R is an alkyl, alkenyl , aryl, arylalkyl, cycloalkyl radi- 
cal with from 1 to 20 carbon atoms; 
Y is a -0R\ -OCOR' , -NR^ ' wherein R* ^ either equal to or 

different from R, has the same meaning as R; 
X is either a halogen or hydrogen atom or a -OCOR" , -MR^" 
group wherein R" , either equal to or different from 
R* , has the same meaning as R*; 
m, n and p are numbers comprised respectively between: 
m between 0 and 3, n between 1 and 4 and p between 0 and 
1 ; and m+n-i-p is equal to 4 . 

Other silicon compounds that may be used are con- 
pounds in which two or more silicon atoms are bound to 
each other through oxygen or nitrogen atoms . 
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Examples of these conoounds are hex%ethoxy<!isilox«ne , 
siinnetrical diphenyltetraethoxydisiloxane 
(CjHjO) ^-Si-O-CHj-CI^-O-Si- (OC^Hj) ^ 

Preferred silicon coinoouads are: phenyl alkoxysilanes 
as phenyltriethoxy or trimethoxysilane , diphenyldinethoxy 
and diethoxysilane, monochlorophenyldiethoxysilane; alkyl- 
alkoxysilanes as ethyltriethoxysilane , ethyltriisooroooxy- 
silane. 

Examples of other suitable coroporads are: chlorotrie- 
thoxysilane, aceto^triethoxysilane , vinyl triethoxysilane , 
butyltriethoxysilane, triphenylinonoethoxysilane, phenyl- 
trici'cloethoxysilane , phenyldiethoxydiefchylaninosilane , 
tetraphenoxysilane or tetralkoxysilanes as tetraipethoxy- 
silane. 

^ In the catalysts of the invention the silicon con- 

-pound is .-present in . a .coinbihed If om fihlthe solid product Ii: 

of the reaction between the various catalyst- forming com- 

j ponents. in a molar ratio between the silicon compound and 

' the halogenated Ti compound 'greater than 0.05 and generally 
j 

' comprised betv/een 0.1 and 5. 
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The Al-alkyl compoiinds forming component a) inclu- 
des Al-trialkyls as for instance Al-triethyl, Al-triiso- 
butyl, Al-triisopropyl and compoxmds containing two or 
more Al atoms linked to each other through etero-atoms 
as: 

C H 

0 6 5 

(C^HjrjAl-O-l-O-MCC^Hg)^. 

As indicated Al-alkyl compounds in which Al atoms are 
linked through groups as SO. or S0_ are also suitable. 
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The Al-alkyl compounds nay be used in mixture with 
Al-alkyl halides as AlEtjCl. 

component c) is prepared according to various me- 
thods, one of v/hich, which is also one of the preferred, 
consists in co-milling the Mg dihalide, the Ti-halide or 
Ti-haloalcoholate and the silicon compound when it is 
used, until appearance in X-ray spectrum of the milled 
product of the modifications above set forth for the spec 
trum of the Mg dihalide and in heat treating the milled 
product in suspension in a halogenated hydrocarbon as 
1,2 dichloroethane, separation of the solid product and 
washing with heptane or a similar hydrocarbon solvent. 
The duration of the treatment is generally comprised bet- 
ween 1-4 hours and it depends on the temperature of treat 
ment. 

According to another method and adduct between an 
Mg dihalide and an alcohol is reacted with TiClj. The 
reactions are described in Belgian patent 868,682 and pu- 
blished German patent 3,022,728. 
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In all the above methods the final product contains 
Mg dihalide^ present in the active form as set forth here 
above • 

Other known methods which lead to the formation of 
Mg dihalide in active form or to Ti- containing Mg diha- 
lide supported components, in which the dihalide is pre- 
sent in active form, are based on the following reactions 
reaction of a Grignard reagent or a Mg compound 
(R being a hydrocarbyl radical) or cor^lexes of 
said Mg R^ compounds v/ith Alrtrialkyls , with haloge- 

nating agents as A1X_ or Al R X compoxinds (X is ha- 

3 m n 

logen, R is a hydrocarbyl m+n « 3) , SiCl^ or HSiCl^; 
reaction of a Grignard reagent with a silanol or po- 
lysiloxcine, H^O or with an alcohol and further reac- 
tion with a halogenating agent or with TiCl ; 
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reaction of Mg with an alcohol and a halogenidric 
acid or of Mg with a hydrocarbyl halide and an alco- 
hol; 

reaction of MgO with Clj or AlCl^; 
- • reaction of MgXj-nH^O (X = halogen) with a haloge- 
nating agent or TiCl^; 

reaction of Mg mono or dialcoholates or Mg caAoxy- 

lates with a halogenating agent. 

The Ti-halides or Ti-halogenalcoholates , include 

in particular the Ti-tetrahalides , Ti-trihalides and Ti- 

-trihalogenaicoholates. Preferred conpounds are: TiCl^, 

TiBr , 2,6-diinethylphenoxytrichlorotitaniuin. 
4 • 

The Ti-trihalides are obtained according to known 
methods , for instance by reduction of TiCl^ with Al or 
a metallorganic Al compound or with hydrogen. 

In case of the Ti-trihalides it may be convenient 
for the purpose of improving the performance of the ca- 
talysts to carry out an oxidization, even if partial, of 
the titanium, either during or after the preparation of 
component c) . 
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To this purpose there may be used halogens, iodine ha- 
lides • 

Preferred catalysts are those in which: component 
c) is obtained from MgCl^/ TiCl^ a silicon compound se- 
lected from the groups of phenyl or ethyltrietoxysilane or 
diphenyldimethoxy or diethoxysilane • 

Component a) is an Al-trialkyl as Al-triethyl or 
Al-triisobutyl • 

One of the preferred method of preparing component c) 
consists in co-milling MgCl^/ TiCl^ and the silicon com- 
pound and in treating the milled product with a halo- 
genated hydrocarbon as 1 r2-dichloroethane/ 

The catalysts according to the invention are used to 
polymerize the alpha-olefins according to known methods 
that is, in carrying out the polymerization in a liquid 
phase, either in the presence or absence of an inert hy- 
drocarbon solvent, or in gas phase or also by combining, 
for instance, a liquid phase polymerization step v/ith a 
step in gas phase. 

In general the temperature is comprised betv/een 40° and 
160°C, but preferably between 60° and 90°C, operating ei- 
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ther at atmospheric or at greater than atmospheric pres- 
sure. 

AS a molecular weight regulator hydrogen or other 
regulators of a known type are used. 

The catalysts are used particularly suitable in po- 
lymerizing propylene, butene-1 , styrene, 4-methylpentene. 
The catalysts may also be used according known methods 
to polymerize mixtures of propylene and ethylene to form 
modified polypropylenes having better shock-resistance 
at low temperatures (the so called block copolymers of 
propylene and ethylene) or to obtain random crystalline 
copolymers of propylene with minor proportions of ethy- 
lene . 

The following examples are given for merely illustra 
tive purpose and are not intended to be in any way limit- 
ing the scope of the invention. 

EXA^gLE 1 

Into an inox steel autoclave of 2000 nl holding capacity, 
equipped with a magnetical stirrer and a thermometer , heat 
stabilized at 60°C and kept under pressure by a nitrogen 
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atmosphere, there were introduced 5 m mols of trlethyl- 

aluminum, 1 .5 m mols of phenyltrietoxysilane , the solid 

catalytic component obtained reacting TiCl^ with 

MgCl .2.3 C H OH, operating under the same conditions des- 

cribed in Example 1 of Belgian Pat. No. 868,682 and 700 ml 

of degassed and anhydrous n-heptane, while propylene was 

also fed in. The catalytic component thus prepared show a 

X-ray powder spectrum in which the most intense diffract- 

^ 2 . 

ion line appearing in the spectrum of MgClj havmg 1 m /g 
of s\irf ace area was decreased in relative intensity and broa 
dened to form a halo. 

Thereupon there was fed in 0.2 atm of hydrogen and then 
the whole was rapidly heated up to 70°C, while conteit5>o- 
raneously further propylene was fed into reach a total 
pressure of 7 atm. 

This latter pressure was maintained constant over the whole 
polymerization by feeding in the monomer. After 4 hours 
the polymerization was interrupted, the polymer was iso- 
lated by filtering and then was dried. The quantity of po- 
lymer dissolved in the filtrate was thereupon isolated, 
weighed and summed to the polymer soluble in boiling n- 
heptane, for the calculation of the Isotacticity index. 
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The quantity of catalytic coi«ponent used and the content 
of Ti in said coTnponent, the yield in polyiner with res- • 
pect to the introduced Ti, the isotacticity index (I.l.)^ 
and the inherent viscosity determined in tetralin at 35°C, 
have all been reported in Table I. 
EXAMPLE 2 

Example 1 was repeatedbut using a saiTd catalytic compon- 
ent prepared as follows. 

Anhydrous MgCl^, phenyl triethoxysilane in molar ratio 
Mg/Si Of 6, and TiCl, in molar ratio of 1:1 with respect 
to the phenyltrietnoxysilane were co-milled 
in a vibrating mill of the type VIBRATOM manufactured by 
«.V. TEMA'S, Gravenhage (Holland) , having a total volu..e 
of one liter and containing 3 leg of stainless steel balls 
of 16 mm diameter, 

<;rln.ln9 »«. effected e^loyin, a £illl«5 coefficient e- 
qu.1 to 100 g/1 of total vol™, (vacuum) , at an Interior 
temperature of the r.ill of 25°C, and with grinain, ti»e 
of 72 hours. 

Charging of the mill with the nateriala to be ground, the 
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grinding and discharging of the product of the cogrinding 

from the mill occurred in a nitrogen atmosphere. 

10 g of the co-ground product was contacted with 100 ml 

of 1 ,2-dichloroethane at 80 °C for 2 hours. 

After this period, 1 ,2-dichloroethane was removed by fil- 
tration at BO^C and the residual solid product was repea- 
tedly washed with n-heptane at room temperature till the 
disappearance of the chlorine ions from the filtrate and 
then was kept in heptanic suspension. 

The catalytic coiTe>onents thus prepared showed a X-ray pow 

der spectrum in which the most intense diffraction line 

2 

appearing in the spectrum of MgCl^ having 1 rt /g of surface 
area was decreased in relative intensity and broadened to 
form a halo. 

The .char^cterist±cs of the- solid catalytic component, 
and the results of polymerization test have been reported 

in Table* I. 
EXAMPLE 3 

62 g of MgCl2 and 12.5 g of TiCl^ were introduced in the 
mill described in Example 2 and co-milled for 60 hours at 
room temperature. The content of Titanium was of 3.9% by 
weight. 
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J «w,,q«^<- were contacted with 100 ml 
10 g of the co-ground product were coni^a. 

of 1,2 dlchloroethane at 80°C for 2 hours. 
The solid was then separated by filtering and then was 
washed with a hepthane at said ten^perature until the di- 
sappearance of the Chlorine ions from the filtrate. The 
X-ray. powder spectrum was similar to that of catalytic 
component of Example 1. 

The solid catalytic component obtained was used in the 
polymerization of propylene under the same polymerizat- 
ion conditions described in Example 1. 
The results of the polymerization have been reported in 

Table !• 
EXAMPLE 4 

pie 2 for 200 hours at room temperature. 
10 g of the . ^ground product were treated with ISO ml 
of TiCl, for 2 hours at 135°C. After hot filtering, the 
treatment with TiCl, was repeated. After washing with hep- 
tane at 80°C and drying, the dry solid was used under the 
same polymerization conditions described in Example 1. 
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The solid catalytic component showed a X-ray powder spectmm 
- similar to that of the catalytic component of Example 1. 
The results of the polymerization have been reported in 
Table I. 

Comparative EX7VMPLE 1 

200 mg of the solid catalytic component prepared according 
to Example 4 were used in the polymerization of propylene 
\inder the same conditions described in Example 1 but using 
ethyl p-toluate instead of PES. The result of the poly- 
merization have been reported in Table I. 
Comparative EXA^IPLE 2 

Comparative Example 1 was repeated but using the solid cataly- 
tic component prepared according to Example 3. 
The results of the polymerization test have been recorded 
in Table I • 
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CLAIMS 

A solid component to be used in combination with an Al 
Al-alkyl compound to form catalysts for the polyme- 
rization of alpha-olefins comprising an anhydrous 
Mg dihalide in active form as essential support and 
supported on said Mg dihalide a Ti halide or a Ti ha- 
loalcoholate and a silicon compoiind containing one or 
more Si-Or, Si-OCX)R or Si-NR^ bonds (R being a hydro- 
carbyl radical) in an amount corresponding to a mo- 
lar ratio with the supported halogenated Ti compound 
of 0.1 to 5 mo Is per mol of the Ti-compound. 
A solid component as defined in claim 1) in which 
the Mg dihalide is Mg dtchloride and Mg dibromide , 
the Ti halide is a Ti-tetrahalide and the silicon 
compound is a phenyl di- or trialkoxysilane or an 
alkyl di- or trialkoxysilane. 

Catalysts for the polymerizazion of alpha olefins 
comprising the product of reaction of the following 
components : 

a) an Al-trialkyl or an Al-alkyl compound contain- 
ing 2 or more Al atms linked to each other 
through an oxygen or nitrogen atom or through 
SO- or SO^ groups; 
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b) a solid component as defined in claim 1) or a 
solid component comprising an anhydrous Mf di- 
halide in active form as essential support and 
supported on said dihalide a Ti-halide or a Ti- 
haloalcoholate . 

4) catalysts as defined in claim 3) in which component 
b) is the solid as defined in claims 1) and 2). 

5) Process for the polymerization of alpha olefins 
CHj-CHR in which R is an alkyl radical with 1 to 4 
carbon atoms or an aryl radical and mixtures of said 
olefins with ethylene, characterized in that the 
polymerization process is carried out in liquid phase 
in presence or not of an inert hydrocarbon solvent 
or in gas phase, in presence of a catalyst as def- 
ined in claims 3) and 4) . 

6) Polymers of alpha olefins obtained with the process 
1 claim 5) . 
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